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POWER TRANSFER UNIT

CROSS-REFERENCE TO RELATED PATEN'T
APPLICATIONS

This application claims the benefit and priority to U.S.
Provisional Patent Application No. 61/4777,570, filed Apr. 20,

2012. U.S. Provisional Patent Application No. 61/477,570 1s
incorporated by reference herein 1n 1ts entirety.

TECHNICAL FIELD

The present application relates generally to the field of
drive trains for motor vehicles. More specifically, the present
application relates to a power transier unit for use 1n a drive
train system to selectively provide driving torque to the rear
wheels, wherein the power transfer unit 1s activated and deac-
tivated by a cam assembly, which can tailor the activation and
deactivation cycles to optimize speed and efficiency.

BACKGROUND

In some motor vehicles (more commonly 1n trucks and
sport utility vehicles), 1t has been known to have a drive train
which provides switchable four-wheel drive. These systems
typically have the rear wheels continuously driven by torque
from the propshaft, which 1s driven by the transmaission.
These systems tend to have user-switchable four-wheel drive,
such that the user through a lever (e.g., shifter, switch)
engages a transfer case that redistributes a portion of the
torque from the rear wheels to the front wheels. These sys-
tems are primarily designed to operate during low traction
conditions, such as slippery conditions created by snow or
off-road type conditions.

In other motor vehicles (more commonly 1n passenger cars,
such as sedans), 1t has been known to have a drive train that
provides all wheel drive (AWD). These systems typically
have one set of wheels (typically the front wheels) driven by
torque from the transmission and, as required, torque 1s redis-
tributed to the other set of wheels (typically the rear wheels),
by actuation of a clutch system. This redistribution of torque
may be automatically transierred by the vehicle when it deter-
mines that the front wheels have angular velocities that differ
by a predetermined amount from the angular velocities of the
rear wheels, which indicates slippage of the front wheels
created by torque exceeding traction. When the vehicle deter-
mines this difference in angular velocities between wheels, it
engages the clutch mechanism, which couples a driveshatt to
the operating power train system that redistributes some of
the torque generated through the power train to the rear
wheels. This system reduces the torque driven to the slipping
wheels to a point to achieve traction again, and redistributes
the reduced torque to the non-shipping wheels.

It would be advantageous to have a drive train system that
provides driver selectable AWD capability by redistributing
torque more efficiently (1.e., less power loss). It would also be
advantageous to have an AWD drive train system that may be
produced at a lower cost and with greater reliability than
conventional AVID systems.

SUMMARY

One embodiment relates to a power transier unit for use in
a vehicle for transferring a torque. The power transier unit
includes a first shaft configured to recerve the torque from a
first device, a second shatt configured to output the torque to
a second device, and an activating assembly for selectively
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transierring the torque from the first shatt to the second shaft.
The activating assembly 1ncludes a sliding cam, a rotating
cam, an actuator configured to selectively rotate the rotating
cam relative to the sliding cam, and a movable gear. The gear
1s configured to be moved by the sliding cam between a first
engaged position where the torque 1s transierred from the first
shaft to the second shait through the gear and a second dis-
engaged position where no torque 1s transterred to the second
shaft. Relative rotation between the rotating cam and the
sliding cam moves the sliding cam thereby moving the gear
between the first engaged and second disengaged positions.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a top schematic view of a drive train system
according to an exemplary embodiment.

FIG. 2 1s a cross-sectional view of an exemplary embodi-
ment ol a power transier unit configured for use within a drive
train system of a vehicle, such as the drive train system of
FIG. 1, shown configured 1n the deactivated mode of opera-
tion with the disconnect shait decoupled from the mnput shaft.

FIG. 3 1s a 1s a cross-sectional view 1illustrating the power
transier unit of FIG. 2 configured 1n the activated mode of
operation with the disconnect shaft coupled to the input shaft.

FIG. 4 1s a detail view of an exemplary embodiment of the
activating assembly of the power transfer unit of FIG. 2.

FIG. 5 15 a perspective view of an exemplary embodiment
of a sliding cam for use 1n an activating assembly of a power
transier unit, such as the power transfer unit of FIG. 2.

FIG. 6 15 a perspective view of an exemplary embodiment
of a rotating cam for use 1n an activating assembly of a power
transier unit, such as the power transfer unit of FIG. 2.

FIG. 7 1s a graph illustrating the displacement of a sliding
cam as a function of the angular rotation of a rotating cam for
one full revolution of the rotating cam.

FIG. 8 1s a graph 1llustrating the displacement of a sliding,
cam as a function of the angular rotation of a rotating cam for
one-third of one tull revolution of the rotating cam.

DETAILED DESCRIPTION

With general reference to the Figures, disclosed herein are
power transier units for use 1n power train or drive train
systems of vehicles for transierring propulsion power, such as
from a front set of drive wheels to a rear set of drive wheels.
The power transfer units disclosed herein may include a first
shaft or input shaft configured to recerve a torque, a second
shaft or disconnect shaft configured to output the torque, and
an activating assembly for selectively transferring the torque
from the first shaft to the second shait by coupling/decoupling
the second shatt to/from the first shait. The activating assem-
bly may include amovable gear, a sliding cam, a rotating cam,
and an actuator configured to selectively rotate the rotating
cam relative to the sliding cam. The gear may be configured to
be moved or slid by the sliding cam between a first engaged
position and a second disengaged position. In the first
engaged position, the torque 1s transterred from the first shaft
to the second shaft through the movable gear. In the second
disengaged position, the torque 1s not transierred to the sec-
ond shait, in other words, no torque 1s transferred to the
second shaft from the first shait in the disengaged position of
the gear. Further, relative rotation between the rotating cam
and the sliding cam may move the sliding cam to thereby
move the gear between the first engaged and second disen-
gaged positions.

FIG. 1 illustrates a power train or drive train system 10 that
1s configured for use 1 a motor vehicle and provides the
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propulsion power to propel or move the vehicle. According to
an exemplary embodiment, the drive train system 10 includes
an engine 13, a transmission 15, a final drive unit 17, a front
differential assembly 19, a first (or front right) driveshaift 21,
a second (or front left) driveshait 23, a third (or rear right)
driveshait 25, a fourth (or rear left) driveshaft 27, a first (or
tront right) wheel 22, a second (or front left) wheel 24, a third
(or rear right) wheel 26, a fourth (or rear leit) wheel 28, a
propshatt 29, a power transier unit 30, and a rear drive unit 90.
The engine 13 may be mounted transversely or in-line longi-
tudinally down the vehicle, and 1s configured to provide out-
put power and torque to the transmission 15, which 1s con-
figured to provide power and torque as required to the final
drive unit 17. The final drive unit 17 1s configured to provide
power and torque into the front differential assembly 19,
where the final drive umit 17 may include at least one beveled
gear, hypoid gear, or helical gear that may be configured to
transier torque 1mnto a mating and meshed gear of the front
differential assembly 19. The first and second driveshaits 21,
23 are rotationally coupled to the front differential assembly
19 thereby allowing the driving torque to be transferred from
the engine 13 through the transmission 13, through the final
drive unit 17, and into the front differential assembly 19, thus
driving the first and second driveshafts 21. The front differ-
ential assembly 19 includes a gear train that allows the first
and second driveshafts 21, 23 to rotate at different angular
velocities to accommodate vehicle turning or loss of traction
by one driveshatft.

The power transter unit (PTU) 30 includes an input shaft
31, which may be coupled to a component (e.g., a case, a
carrier, a side-gear) of the front differential assembly 19, and
an activating assembly 50, which may selectively couple the
input shait 31 to the propshait 29 through a cam and gear
assembly of the PTU 30. The power transfer unit 30, includ-
ing the cam and gear assembly and the activating assembly
50, 1s discussed in greater detail below. According to an
exemplary embodiment, the drive train includes an iterme-
diate drive shaft 20 that 1s connected to the first driveshatit 21
to rotate the first wheel 22 of the vehicle.

The electronic control unit (ECU) or electronic control
module (ECM) of the vehicle may actuate engagement of the
activating assembly 50, coupling the propshaitt 29 to the input

shaft 31 through the PTU 30. The propshait 29 1s coupled to
the rear drive unit (RDU) 90, which includes a rear differen-
tial assembly 92. Thus, the torque transferred through the
propshait 29 may be transierred into the rear differential
assembly 92. The rear differential assembly 92 includes a
gear train that allows the third and fourth driveshaifts 25, 27 to
rotate at different angular velocities to accommodate vehicle
turning or loss of traction by one driveshait. The ECU of the
vehicle also actuates a vacuum system or another actuating,
system (e.g., a hydraulic system, an electronic system) that
causes one or more than one second clutch mechanisms 94
included within the RDU 90 to engage substantially simulta-
neously, which transfers the torque from the differential
assembly 92 to both the third and fourth driveshatts 25, 27.
The vacuum or actuating system may be activated subsequent
to actuation of the activating assembly 50 and after the drive
train system 10 has been brought up to speed, or may be
activated prior to actuation of the activating assembly 50.
FIGS. 2-6 1llustrate an exemplary embodimentofa PTU 30
for use 1n a drive train system, such as the drive train system
10 of FIG. 1. The PTU 30 includes an input shait 31, a
disconnect shaft 36, an activating assembly 50, and a housing
40 configured to enclose at least a portion of the PTU 30. The
input shait 31 1s configured to receive an input torque, such as
from a component (e.g., a case, a carrier, a side-gear) of the
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front differential assembly 19, to rotate the mput shaft 31
about an axis of rotation 34. According to an exemplary
embodiment, the put shaft 31 1s a hollow tube member
coupled to the case of the front differential assembly 19 to
receive the torque from the differential assembly. The input
shaft 31 may be made from steel, aluminum, an aluminum
alloy or any other suitable material strong enough to transmait
the required torque for the life of the vehicle.

According to an exemplary embodiment, the input shaft 31
1s configured to extend 1n a direction transverse to the longi-
tudinal (or travelling) direction of the vehicle, and includes a
first end 32 and a second end 33. The second end 33 may be
coupled to the front differential assembly 19, so that torque
transmitted through the front differential assembly 19 may
drive the mput shaft 31 1n the corresponding rotational direc-
tion with substantially the same torque and frequency. The
first end 32 may be configured to output (or transier) the
torque received, such as to the disconnect shaft 36 through the
activating assembly 50. According to an exemplary embodi-
ment, the first end 32 of the input shaft 31 includes a gear 48
having gear teeth configured to engage mating gear teeth of
another device, such as acomponent (e.g., engaging member)
of the activating assembly 50, through a gear mesh. The gear
48 of the input shaft 31 may be configured as a spur gear, a
helical gear, a beveled gear, or any suitably shaped gear that
transters torque through motion. The gear 48 may be inte-
grally formed with the input shaft 31 or may be formed
separately then connected to the input shait 31 through any
suitable processing method such as welding, wherein the gear
48 and the input shaft 31 operate as one member.

The disconnect shait 36 1s configured to selectively rotate
about the axis of rotation 34 to transier torque. According to
an exemplary embodiment, the disconnect shait 36 1s config-
ured to selectively couple to the input shaft 31, through the
gear 48 of the input shatt 31 and through the activating assem-
bly 50 to transier the torque from the put shaft 31 to the
disconnect shait 36. When the activating assembly 50 1s acti-
vated, the disconnect shaft 36 i1s selectively coupled to the
input shait 31 to rotate with substantially the same torque and
frequency. When the activating assembly 50 1s deactivated,
the disconnect shait 36 1s selectively decoupled from the
input shait 31, wherein no torque 1s transferred from the input
shaft 31 to the disconnect shaft 36. When decoupled, the input
shaft 31 and the disconnect shait 36 may rotate with different
frequencies and torques.

According to an exemplary embodiment, the disconnect
shaft 36 1s configured to include a first end 37, asecond end 38
and a first gear 39 provided between the first and second ends
37, 38 to transier torque. According to other embodiments,
the first gear 39 may be provided on the first end, on the
second end, or anywhere along the length of the disconnect
shaft 36. The first and second ends 37, 38 may be configured
as hollow tubes having similar or dissimilar diameters. For
example, the disconnect shaft 36 may be configured with first
and second ends 37, 38 that may have similar inner diameters
and may have dissimilar outer diameters. The first gear 39
may be configured as a spur gear, a helical gear, a beveled
gear, or any suitably shaped gear that transters torque through
motion. The disconnect shait 36 may be made from steel,
aluminum, an aluminum alloy or any other suitable material
strong enough to transmit the required torque for the life of
the vehicle.

According to an exemplary embodiment, the first end 37 of
the disconnect shaft 36 includes a second gear 47 integrally
tformed with the disconnect shait 36, wherein the second gear
4’7 includes gear teeth that are configured to transtier torque
when engaged by a device, such as the activating assembly
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50. The second gear 47 of the disconnect shait 36 may be
configured as a spur gear, a helical gear, a beveled gear, or any
suitably shaped gear that transiers torque through motion.
According to other embodiments, the second gear 47 may be
configured anywhere along the length of the disconnect shaft
36, such as the second end, and/or the second gear 47 may be
separately formed from the disconnect shait 36 then con-
nected to the disconnect shaft 36 using any suitable method
such as welding.

The PTU 30 may include bearings to improve the effi-
ciency of the relative rotation between components therein,
such as by reducing friction generated by the rotation of the
components therein. According to an exemplary embodi-
ment, the bearings or needle bearings 41 may be provided
between the disconnect shaft 36 and the mput shaft 31 to
allow for efficient rotation of the mnput shaft 31 relative to the
disconnect shatt 36. For example, the PTU 30 may include a
firstneedle bearing 41 provided between the first end 37 of the
disconnect shaft 36 and the first end 32 of the input shait 31,
and may include a second needle bearing 41 provided
between the second end 38 of the disconnect shait 36 and the
second end 33 of the input shait 31, wherein the bearings 41
allow for concentric and efficient rotation of the input shait 31
relative to the disconnect shait 36. The PTU 30 may include
additional bearings. For example, the PTU 30 may include
hearings 42 provided between the housing 40 and the discon-
nect shait 36 to allow concentric and efficient rotation of the
disconnect shaft 36 relative to the housing 40 and/or the 1nput

shaft 31.

According to another exemplary embodiment, the activat-
ing assembly 50 1s configured to couple the disconnect shaft
36 to the mput shait 31 when activated and is configured to
decouple the disconnect shaft 36 from the input shaft 31 when
deactivated. When the activating assembly 50 1s activated, the
torque from the mput shaft 31 is transterred to the disconnect
shaft 36, such that the disconnect shatt then rotates with the
same frequency and torque as the mput shaft. When the acti-
vating assembly 50 1s deactivated, no torque 1s transierred
from the input shait 31 to the disconnect shait 36. Wherein the
input shaft rotates with a torque and frequency that may differ

from the torque and frequency of the disconnect shatt.
According to an exemplary embodiment, the activating
assembly 350 includes a rotating cam 51, a sliding cam 52, an
engaging gear 54, and an actuator 57. The actuator 57 may be
configured to rotate the rotating cam 51 a predetermined
angular travel (e.g., 120°, 10°, etc.), wherein said rotation of
the rotating cam 51 allows the sliding cam 32 to move from a
first deactivated position to a second activated position to
thereby couple the disconnect shait 36 to the input shaft 31 to
transier the torque from the input shait 31 to the disconnect
shaft 36. The actuator 57 may also be configured to then rotate
the rotating cam 51 another predetermined angular travel,
wherein said rotation of the rotating cam 51 drives or moves
the sliding cam 52 from the second activated position back to
the first deactivated position, such that no torque 1s transierred
from the mput shaft 31 to the disconnect shait 36. The actua-
tor 57 may be configured to rotate the rotating cam 31
between the activated and deactivated positions as required
by the PTU and/or the drive train system. According to an
exemplary embodiment, the actuator 57 includes a motor
(e.g., electric motor), a shaft that may be rotationally driven
by the motor, and a gear that 1s connected to the shaft in order
to rotate with the shait when selectively driven by the motor.
The actuator may also 1include a device, such as a planetary-
gear-train, to provide for a change in the gearing (1.e., the gear
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ratio), such as by providing gear-reduction. Alternatively, the
actuator 57 may be any device that may drive rotation of a
coupled gear.

The activating assembly 50 of the PTU 30 may include a
sensor (not shown) that may be configured to monitor the
angular position of the rotating cam 51. The sensor may
communicate the monitored angular position of the rotating
cam 51 to another device, such the electronic control unit
(ECU) (not shown) of the vehicle. Accordingly the ECU may
control the length of time the actuator 50 1s activated 1n order
to rotate the rotating cam 31 the predetermined angular travel,
such as to move the rotating cam 31 between activated and
deactivated positions.

FIG. 5 1llustrates an exemplary embodiment of the sliding
cam 52 for use 1n the activating assembly 50 of the PTU 30.
The sliding cam 52 may include an annular portion 65, one or
more than one disengaging cam surface 66, one or more than
one engaging carn surface 67, and one or more than one
projection (or arm or splines) 68. According to the exemplary
embodiment Shown FIG. 5, the sliding cam 52 includes annu-
lar portion 65, three disengaging cam surfaces 66, three
engaging cam surfaces 67, and three projections arm or
splines) 68. The sliding cam 52 may be made from steel,
aluminum, an aluminum alloy, a plastic or polymer matenal,
a composite material, a powdered metal, or any other suitable
material strong enough to cyclically engage, such as between
activating and deactivating positions, the rotating cam and
other PT'U components for the life of the vehicle. The sliding
cam 52 may be formed through casting, forging, machining,
molding (e.g., injection molding), powdered metal (e.g., sin-
tering or molding), or any suitable processing method.

According to an exemplary embodiment, the disengaging
cam surface 66 of the sliding cam 52 i1s configured as an
inclined or oblique surface having a gradually increasing
slope between the two adjacent engaging cam surfaces 67.
However, the disengaging cam surface 66 may be curved
(e.g., concave, convex) or may be configured to have any
suitable shape. According to an exemplary embodiment, the
engaging cam surface 67 of the sliding earn 52 1s configured
as a substantially vertical surface or a steeply decreasing
inclined surface between the two adjacent disengaging cam
surfaces 66. However, the engaging cam surface may be
curved (e.g., concave, convex) or may be configured to have
any suitable shape. The shape of the engaging and disengag-
ing cam surfaces of the sliding cam 52 may be varied to tailor
the performance of the activating assembly 30, such as to
operate collectively with the cam surfaces of the rotating cam
51 to define the shift distance (e.g., for the sliding cam) with
respect to the angular cam rotation (e.g., for the rotating cam).
In other words, the profiles or shapes of the cams (e.g., sliding
and rotating) may be varied to tailor performance of the PTU,
such as to accommodate differing customer specifications or
preferences. Thus, the shapes of the cams disclosed herein are
meant as exemplary embodiments and are not meant as limi-
tations.

The projection 68 of the sliding cam 32 1s configured to
prevent rotation of the sliding cam 52, since the rotating cam
51 may rotate while 1n contact with the sliding cam 52.
According to an exemplary embodiment, the projection 68
has a rectangular cross-sectional shape configured to engage
a cavity within the housing 40 of the PTU 30, wherein the
cavity of the housing 40 may be configured to prevent rotation
of the sliding cam 52, such as by having a similar cross-
sectional shape and thereby retaining the projection 68
therein. According to other embodiments, the projection may
be configured with any shape (e.g., round, semi-circular,
irregular, splines), and may be configured to engage any
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rotationally fixed (or stationary) component of the PTU 30 to
prevent the rotation of the sliding cam 32 relative to the
rotating earn 51.

The sliding cam 52 may also include an opening 69 that
may be configured to receive another vehicle component,
such as the intermediate drive shait 20 as shown in FI1G. 4. The
s1ze (e.g., diameter) of the opening 69 may vary and may be
configured to provide clearance between the sliding cam 52
and the other component (e.g., mntermediate drive shaft 20)
passing therethrough, for example, to allow the intermediate
drive shait 20 to rotate relative to the sliding cam 52 without
introducing energy loss, such as by iriction, that may result
from contact between the rotating shaft and the rotationally
stationary sliding cam.

FIG. 6 1llustrates an exemplary embodiment of the rotating,
cam 51 for use in the activating assembly 50 of the PTU 30.
The rotating cam 351 may include an annular gear portion 60,
one or more than one disengaging cam surface 61, and one or
more than one engaging cam surface 62. According to the
exemplary embodiment shown 1n FIG. 6, the rotating cam 51
includes an annular gear portion 60, three disengaging cam
surfaces 61, and three engaging cam surfaces 62. The rotating
cam 31 may be made from steel, aluminum, an aluminum
alloy, a plastic or polymer material, a composite matenal, a
powdered metal, or any other suitable material strong enough
to cyclically engage the sliding earn and other PTU compo-
nents (e.g., the actuator) for the life of the vehicle. The rotat-
ing cam 51 may be formed through casting, forging, machin-
ing, molding (e.g., injection molding), powdered metal (e.g.,
sintering or molding), or any suitable processing method.

According to an exemplary embodiment, the disengaging
cam surface 61 of the rotating cam 31 1s configured as an
inclined (or oblique) surface having an increasing slope
between the two adjacent engaging cam surfaces 62. How-
ever, the disengaging cam surface may be curved (e.g., con-
cave, convex) or may be configured to have any suitable
shape. According to an exemplary embodiment, the engaging
cam surface 62 of the rotating cam 31 i1s configured as a
substantially vertical surface or a steeply decreasing inclined
surface between the two adjacent disengaging cam surfaces
61. However, the engaging cam surface may be curved (e.g.,
concave, convex) or may be configured to have any suitable
shape. The shape of the engaging and disengaging cam sur-
faces of the rotating cam 51 may be varied to tailor the
performance of the activating assembly 350, such as to operate
collectively with the cam surfaces of the sliding cam 32 to
define the shift distance (e.g., for the sliding cam) with respect
to the angular cam rotation (e.g., for the rotating cam). In
other words, the profiles or shapes of the cams (e.g., sliding
and rotating) may be varied to tailor performance of the PTU,
such as to accommodate differing customer specifications or
preferences. Thus, the shapes of the cams disclosed herein are
meant as exemplary embodiments and are not meant as limi-
tations.

According to an exemplary embodiment, the annular gear
portion 60 of the rotating cam 51 1s configured to engage
through a gear mesh a mating gear on the actuator, such as the
actuator 57, wherein the actuator controls and drives the
rotation of the rotating cam 51 through the gear mesh with the
gear portion 60. The annular gear portion 60 may be config-
ured as a spur gear, a helical gear, a beveled gear, or any
suitably shaped gear that transiers torque through motion
(e.g., rotational motion). The gear portion 60 may be inte-
grally formed with the rotating cam 51 or formed separately
then connected to the rotating cam 31 to operate as one
member.
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The rotating cam 51 may also include an opeming 63 that
may be configured to receive another component of the
vehicle, such as the intermediate drive shaft 20 as shown 1n
FIG. 4. The size (e.g., diameter) of the opening 63 may vary
and may be configured to provide clearance between the
rotating cam 51 and the component (e.g., intermediate drive
shaft 20) passing therethrough, for example, to allow the
intermediate drive shaft 20 to rotate relative to the rotating
cam 51 without introducing energy loss, such as by friction,
that may result from contact between the rotating mnput drive
shaft and the selectively rotational rotating cam, which may
rotate at differing rotational speeds.

Thenumber of cam surfaces 61, 62 provided on the rotating,
cam 31 and the sliding cam 52 influence the angular travel of
the rotating cam 51 that 1s necessary to move the sliding cam
52 between the activated and deactivated positions. For
example, the rotating cam 51 1s configured to both disengage
and engage the PTU 30 (1.e., decouple and couple the discon-
nect shaft 36 from the input shaft 31) within one-hundred and
twenty degrees (120°) of rotation by the rotating cam 51.
Thus, the rotating cam 51 1s configured to disengage and
engage the PTU 30 three times for each full rotation (i.e., over
an angular rotation of three-hundred and sixty degrees (360°)
by the rotating cam 51. Accordingly, the rotating cam 51 may
be configured to include any number of cam surfaces 61, 62,
which 1n turn varies the angular rotation of the rotating cam
51 that 1s necessary to activate and deactivate the PTU 30.

According to another exemplary embodiment, the sliding
cam 52 includes an annular portion 65 and one or more than
one projection 68 (or arm or spline). Thus, the sliding cam 52
may be configured to not include any earn surfaces 66, 67,
wherein the cam surfaces 61, 62 (e.g., engaging, disengaging)
of the rotating cam 51 drive the sliding cam 352 between the
activated (or engaged) position and the deactivated (or disen-
gaged) position, as required. The rotating cam 31 could be
configured to include any number of cam surfaces 61, 62
having any shape, which control the position of the sliding
cam 52 through rotational position (or orientation) of the
rotating cam 51.

According to an exemplary embodiment, the activating
assembly 50 1s provided within the PTU 30, such as within the
housing 40 of the PTU 30. According to another exemplary
embodiment, the activating assembly 50 1s provided within a
separate case (not shown), which may be connected to the
housing 40.

Also, as shown 1n FIGS. 2-6, the activating assembly 50
may be provided in the region of the PTU 30 that 1s near the
first end 37 of the disconnect shaft 36 and may be configured
to encircle at least a portion of the input shait 31, such as the
gear 48. Alternatively, the activating assembly 50 may be
provided anywhere 1n the PTU 30. The rotating cam 51 may
encircle a portion of the intermediate drive shaft 20, wherein
the intermediate drive shait 20 passes through the opening 63
of the rotating cam 51. The rotating cam 51 may be concentric
to the intermediate drive shait 20, such that the rotating cam
51, when driven to rotate by the actuator 37, rotates substan-
tially about the axis of rotation 34. The rotating cam 51 may
be positioned by the housing 40 or may be positioned by any
other component, wherein bearings may be provided between
the rotating cam 51 and another PTU 30 component (e.g.,
housing 40) to allow for rotation of the rotating cam 31
relative to the other component.

The sliding cam 52 may be provided adjacent to the rotat-
ing cam 51, such that the cam surfaces 66, 67 of the sliding
cam 52 may be in contact with the cam surfaces 61,62 of the
rotating cam 31. According to an exemplary embodiment,
cach disengaging cam surface 61 of the rotating earn 51
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remains in contact with one disengaging cam surtace 66 of the
sliding cam 52. The disengaging cam surface 66 of the sliding
cam 52 that the disengaging cam surface 62 of the rotating
cam 51 contacts may change depending on the rotational
position of the rotating cam 51, since the rotating cam 351
rotates relative to the rotationally stationary sliding cam 52.
As the rotating cam 51 rotates, the portions of the cam sur-
faces 1n contact between the shiding and rotating cam
changes, which induces the sliding cam 52 to move away
from or toward the rotating cam 51 depending on the location
of contact. Depending on the alignment or the angular orien-
tation between the rotating 51 and sliding cams 32, the rotat-
ing cam 51 may drive the sliding cam 52 or allow the sliding
cam 352 to move between activated and deactivated positions.
When the sliding cam 32 1s positioned 1n the activated posi-
tion, the activating assembly 50 couples the disconnect shaft
36 to the input shatt 31 to transier torque from the imput shaft
31 to the disconnect shaft 36. When the sliding cam 52 1s
positioned 1n the deactivated position, the activating assem-
bly 50 decouples the disconnect shaft 36 from the input shaft
31, wherein no torque 1s transferred from the input shaft 31 to
the disconnect shait 36.

According to an exemplary embodiment, the engaging
gear 54 1s configured to couple and decouple the disconnect
shaft 36 to and from the 1nput shaft 31 to transfer (or not to
transter) the torque from the input shait 31 to the disconnect
shaft 36. The engaging gear 54 may be configured as an
annular member having gear teeth provided along the inside
surface (or inner diameter), wherein the gear teeth may
engage through a gear mesh the gear teeth of either or both the
disconnect shaft 36 and the input shaft 31. Additionally, the
engagement gear 34 may be a splined sleeve or any suitable
component to couple the disconnect shaift 36 and the mput
shaft 31. For example, the engaging gear 54 may be config-
ured to engage the second gear 47 of the disconnect shait 36
and may be configured to selectively engage the gear 48 of the
input shaft 31. According to the exemplary embodiment
shown 1n FIGS. 2-6, the engaging gear 54 1s configured to
engage through a gear mesh only the disconnect shatt 36 and
the gear second 47 when the PTU 30 1s configured in the
disconnected or deactivated mode of operation, wherein no
torque 1s transierred from the input shait 31 to the disconnect
shaft 36. When the PTU 30 1s configured in the connected or
activated mode of operation, the engaging gear 54 1s config-
ured to engage through a gear mesh both the disconnect shaft
36 via the second gear 47 and the input shatt 31 via the gear
48 to transier the torque from the input shaft 31 to the discon-
nect shait 36.

According to another exemplary embodiment, the engag-
ing gear 54 of the activating assembly may be configured to
engage through a gear mesh only the mput shatt 31 when the
PTU 30 1s configured 1n the disconnected or deactivated mode
of operation, wherein no torque 1s transferred from the mput
shaft 31 to the disconnect shait 36. When the PTU 30 1s
configured 1n the connected or activated mode of operation,
the engaging gear 54 may be configured to engage through a
gear mesh both the disconnect shaft 36 and the input shaft 31
to transter the torque from the input shatt 31 to the disconnect
shait 36.

The activating assembly 50 may also include a first biasing
member 55 to provide force to bias a component of the acti-
vating assembly 50, such as the engaging gear 54. According,
to an exemplary embodiment, the first biasing member 55 1s
configured as a coil spring and provides force to bias the
engaging gear 34 1n the direction toward the activated posi-
tion (1.e., where the engaging gear 54 engages both the dis-
connect shait 36 and the mput shaft 31 to transter torque from
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the input shait 31 to the disconnect shait 36). According to
other exemplary embodiments, the first biasing member 55
may be configured as a wave spring or any other suitable type
of spring having any suitable shape that may bias the engag-
ing gear 54 1n a direction, such as in the direction toward the
deactivated position (1.¢., where the engaging gear 54 engages

only the disconnect shait 36 or the input shaft 31).

The activating assembly 50 may also include a second
biasing member 56 to provide force to bias a component of
the activating assembly 50, such as the engaging gear 54.
According to an exemplary embodiment, the first biasing
member 55 1s configured as a coil spring and provides force to
bias the engaging gear 54 in the direction toward the deacti-
vated position (1.e., where the engaging gear 54 engages only
the disconnect shait 36 or the input shait 31). According to
other embodiments, the second biasing member 56 may have
any suitable shape and may bias the engaging gear 54 in a
difterent direction, such as in the direction toward the acti-

vated position (1.e., where the engaging gear 54 engages both
the disconnect shaft 36 and the input shait 31 to transier
torque from the mput shait 31 to the disconnect shait 36). The
second biasing member 36 may also be configured to protect
the actuator 57 from stalling and damage.

The activating assembly 50 may also include a guide mem-
ber 33 (or drawn cup) to guide or drive the movement of the
engaging gear 54 between the activated and deactivated
modes of operation. According to an exemplary embodiment,
the guide member 53 1s configured as a thin walled formed
member having a substantially C-shaped cross-section,
wherein one end of the guide member 53 surrounds at least a
portion of the engaging gear 54 and the other end of the guide
member abuts the sliding cam 52, such as the end of the
sliding cam 32 opposite the end 1n contact with the rotating
cam 51. Also, provided between the engaging gear 54 and the
end of the guide member 53 that abuts the sliding cam 52 1s a
space that may retain the second biasing member 56, wherein
the second biasing member 56 provides a force to bias the
engaging gear 34 away from the end of the guide member 53
that abuts the sliding cam 52 and/or protects the actuator 57
from non-desirable operating conditions, such as from
torque-binding.

The guide member 53 may be made from steel, aluminum,
or any other suitable material strong enough to cyclically
engage the sliding cam 52 and other PTU components for the
life of the vehicle. The guide member 53 may be formed
through stamping, blanking, fine blanking, or any suitable
processing method.

As shown 1n FIGS. 2 and 3, when the activating assembly
50 1s configured 1n the deactivated or disconnected mode of
operation, wherein no torque 1s transferred to the disconnect
shaft 36 from the input shaft 31, the engaging gear 534 engages
(or rotationally couples) only the disconnect shait 36, such as
through the second gear 47 of the disconnect shait 36. In this
deactivated mode of operation, the rotating cam 51 1s rotated
a predetermined angular rotation by the actuator 57, wherein
the cam surfaces of the rotating cam 51 and sliding cam 52
move the sliding cam 52 1n a direction away from the rotating
cam 51, which 1n turn moves the guide member 53 substan-
tially the same distance thereby compressing the first biasing
member 35 and storing energy therein. The second biasing
member 36 having stored energy exerts a force to bias the
engaging gear 34 1n the direction out of engagement with the
input shait 31 (1.¢., in the direction away from the sliding cam
52), such that the engaging gear 54 abuts the end of the guide
member 53 adjacent to the first biasing member 535. Thus, the
gear teeth of the engaging gear 54 engage only the disconnect




US 9,182,012 B2

11

shaft 36 and do not engage the imnput shait 31 1n the deacti-
vated or disconnected mode of operation.

As shown 1n FIGS. 4 and 5, when the activating assembly
50 1s configured 1n the activated or connected mode of opera-
tion, wherein the torque 1s transferred to the disconnect shaft
36 ifrom the mput shaft 31 through the engaging gear 54, the
engaging gear 54 engages (or rotationally couples) both the
disconnect shait 36 and the input shait 31 simultaneously. In
this activated mode of operation, the rotating cam 51 1s
rotated a predetermined angular rotation by the actuator 57,
wherein the cam surfaces of the rotating cam 31 allows the
sliding cam 52 to move 1n the direction toward the rotating
cam 51, which 1n turn allows the guide member 53 to move
substantially the same distance from the force exerted by the
uncompressing of the first biasing member 55. In other words,
the stored energy within the first biasing member 35 exerts a
force that maintains abutment (or engagement) of the guide
member 53 and the sliding cam 52, as well as moving the
guide member 53 and the sliding cam 52 toward the rotating
cam 31. The second biasing member 56 having stored energy
exerts a force to bias the engaging gear 34 in the direction
away from the sliding cam 52 (or toward the first biasing
member 55), such that the engaging gear 54 abuts the end of
the guide member 53 adjacent to the first biasing member 55.
When the guide member 33 moves with the sliding cam 52
toward the rotating cam 51, 1t pulls the engaging gear 54 into
engagement with the input shatt 31, such that the engaging
gear 54 also continues to engage the disconnect shait 36.
Thus, the gear teeth of the engaging gear 54 engage both the
disconnect shaft 36 and the mput shait 31 simultaneously 1n
the activated or connected mode of operation.

The PTU 30 may also include a second shaft 43 that 1s
configured to recerve the torque from the disconnect shait 36
and transfer the torque to an output shaft or directly to the
propshait 29 1in order to drive the rear wheels. The second
shaft 43 may be provided parallel and offset a distance from
the input shait 31. The second shall 43 may be configured to
rotate about a second axis of rotation 46, which may be
parallel to the axis of rotation 34 of the iput shaft 31. The
second shaft 43 may include a gear 44, which may be config-
ured as a spur gear, helical gear, or any suitable gear that
transters torque through motion (e.g., rotational motion). The
teeth of the gear 44 may engage the teeth of the first gear 39
of the disconnect shait 36 through a gear mesh in order to
receive torque from the disconnect shait 36.

The second shaft43 may also include a second ring gear 45,
wherein the second ring gear 45 may be formed separately
from then connected to the second shait 43, or may be 1nte-
grally formed with the second shait 43 as one member. The
second ring gear 45 may be a beveled gear or a spur, helical,
or any suitable gear and 1s configured to transier torque from
the second shaift 43, such as to the pinion of an output shaft.
The second shait 43 may be provided within the housing 40 of
the PTU 30 or may be provided within a structure separate
from the housing 40. The second shait 43 may be rotatably
coupled to the housing 40 or structure by one or more bear-
ings 42 1n order to allow the second shait 43 to rotate about the
second axi1s of rotation 46 relative to the housing 40.

According to another exemplary embodiment, the torque 1s
transierred from the disconnect shait 36 directly to an output
shaft 43. According to another exemplary embodiment, the
torque 1s transierred from the disconnect shait 36 directly to
a component external to the PTU, such as to the propshait 29
of the vehicle.

FIGS. 7-8 are graphs that 1llustrate the shift distance 1n mm
of the sliding cam over the angular rotation of the rotating cam
in degrees, according to an exemplary embodiment. FIG. 7
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1llustrates the shift distance in mm of the sliding cam over one
full revolution or rotation (1.e., three-hundred and sixty
degrees (360°)) of the rotating cam. FIG. 8 illustrates the shiit
distance 1n mm of the sliding earn over approximately one
third of one full revolution or rotation (1.e., the first one-
hundred and twenty degrees (1200) of rotatlon) of the rotating
cam. There1s a gradual increase in shuft distance of the sliding
cam as the rotating cam 1s rotated. At the fully disengaged
position there 1s a slight detent or decrease 1n shiit distance.
Then, upon actuation there 1s a rapid release of energy to shiit
the cams 1nto engagement and reduce the shift distance.

For the exemplary embodiment shown, the rotating cam 1s
configured to rotate from an engaged (or activated) position to
a disengaged (or deactivated) position 1n about 0.70 seconds
and 1s configured to rotate from an disengaged (or deacti-
vated) position to an engaged (or activated) position 1n about
0.09 seconds. The cam surfaces are configured to provide the
PTU with a gradual disengagement (or deactivation) of the
PTU to decouple the disconnect shait from the input shait (or
input shait). The cam surfaces are configured to provide the
PTU with a rapid engagement (or activation) of the PTU to
couple the disconnect shait to the input shaft. Although,
graphs FIGS. 7-8 illustrate an exemplary embodiment, the
slopes of both the disengagement (or deactivation) and the
engagement (or activation) may be varied to tailor perfor-
mance of the PTU to specific customer requirements or to
provide a specific performance, such as by tailoring the pro-
files or surfaces (e.g., engaging, disengaging) of the cams of
the activating assembly. Additionally, the shift distance in
mm may be varied to tailor performance. These graphs illus-
trate exemplary embodiments and should not be interpreted
as limitations.

According to an exemplary embodiment, both the time 1n
seconds (s) required to rotate the rotating cam from the dis-
engaged position to the engaged position and from the
engaged position to the disengaged position may be calcu-
lated. For example, an activating assembly configured to
include a motor, as an actuator, that 1s configured to rotate at
2500 revolutions per minute (rpm) with a drive ratio to cam of
08:1, the motor may rotate the rotating cam about 13.3° 1n
about 0.087 s, wherein the rotating cam may rotate from a
disengaged position to an engaged position. Also, for
example, a stmilarly configured activating assembly may be
configured to rotate the rotating cam about 106.7° 1n about
0.697 s, wherein the rotating cam may rotate from an engaged
position to a disengaged position. Although these calcula-
tions are for one exemplary embodiment of a PTU, they are
not meant as limitations because the P1TUs disclosed herein
may be configured having different components (e.g., the
actuator) having different performance characteristics (e.g.,
speed, drive ratio, etc.), which may produce a different time
required to rotate the rotating cam. For example, the time
required to engage and/or disengage the P1U through the
activating assembly may be tailored based on the perfor-
mance and requirements of a specific vehicle or customer.

The total time 1n seconds required to switch an exemplary
embodiment of a PTU (and hence the drive-train of the
vehicle) from the deactivated or disconnected mode of opera-
tion to the activated or connected mode of operation to
thereby switch the vehicle from a two-wheel drive mode of
operation to a four-wheel or all-wheel drive mode of opera-
tion may be calculated. For example, the activating assembly
of the PTU may switch the PTU from a disengaged or deac-
tivated mode of operation to an engaged or activated mode of
operation (thereby switching the vehicle from a two-wheel
drive mode of operation to an all-wheel drive mode of opera-
tion) 1n less than 0.100 seconds. This rapid engagement pro-
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vides several advantages discussed below. Although this cal-
culation 1s for one exemplary embodiment of a PTU, 1t 1s not
meant as a limitation because the PTUs disclosed herein may
be configured having different components (e.g., the actua-
tor) having different performance characteristics (e.g., speed,
drive ratio, etc), which may produce a different time required
to activate or deactivate the PTU. For example, the time
required to engage and disengage the PTU through the acti-
vating assembly may be tailored based on the performance
and requirements of a specific vehicle or customer.

The PTUs, as disclosed herein, that include activating
assemblies having the cam and gear assembly, provide sev-
eral advantages over other P1Us having other types of acti-
vation devices, although only sonic of the advantages are
discussed herein. First, the activating assemblies provide the
PTU with a faster engagement time (or a shorter shift time),
meaning the PTU can switch the drive train of the vehicle
from a two-wheel drive mode of operation to an all-wheel
drive mode of operation in a relative shorter time. For
example, according to an exemplary embodiment, the total
engagement time was calculated to be less than 0.100 sec-
onds. A decreased shift time improves responsiveness of the
vehicle to redistribute torque to other wheels, such as when
one or more of the driven wheels of the vehicle slip, which
may improve handling of the vehicle. A faster engagement
time also allows the PTU to switch between modes of opera-
tion when there 1s a relative higher difference between (or
change 1n) the speeds (e.g., rpm) of the mput shaft and the
disconnect shaft. In other words, the faster engagement time
of the PTU allows coupling of the disconnect shait to the
input shaft when a relative higher difference 1n operating
speeds between the mput shaft and disconnect shaft exists.
The shorter time required to couple the disconnect shait to the
input shait improves the durability of the PTU by bring the
tull engagement of the teeth in the gear mesh together quicker
to minimize the impact on the tips of the teeth from the gear
clash, which reduces the possibility of damage to the gear
teeth. The shorter time required to couple the disconnect shaft
to the input shaft may also reduce the noise of the PTU by
reducing the noise associated with the gear clash when the
teeth of the gears are meshed. Second, the engagement and
disengagement time can be easily tailored to varying cus-
tomer requirements (e.g., performance requirements) by
modifying the profile of the surfaces of the cams. Third, the
activating assemblies, as disclosed herein, have a relative
smaller package size, since the activating assemblies are able
to be configured within a smaller package and without a
number of components, such as shift forks. The smaller pack-
age s1ze may be configured to have a relative lower mass,
which allows the vehicle manufacturer to reduce the size and
mass of the vehicle. Fourth, the actuator (e.g., motor) may be
configured to be less complex and less expensive. For
example, the motor may be configured to have a relative
smaller package size, as the motor may be configured to rotate
only 1n one rotational direction and may be configured with
simpler (and less expensive) electronics, such as by not need-
ing a circuit board. Also, for example, the motor may be
configured to provide similar speed and force with a reduced
current draw. These changes may also increase the operating
life of the motor.

As utilized herein, the terms “approximately,” “about,”
“substantially”, and similar terms are intended to have a broad
meaning 1n harmony with the common and accepted usage by
those of ordinary skill in the art to which the subject matter of
this disclosure pertains. It should be understood by those of
skill in the art who review this disclosure that these terms are
intended to allow a description of certain features described
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and claimed without restricting the scope of these features to
the precise numerical ranges provided. Accordingly, these
terms should be interpreted as indicating that insubstantial or
inconsequential modifications or alterations of the subject
matter described and claimed are considered to be within the
scope of the invention as recited in the appended claims.

It should be noted that the term “exemplary’ as used herein
to describe various embodiments 1s intended to indicate that
such embodiments are possible examples, representations,
and/or 1llustrations of possible embodiments (and such term
1s not intended to connote that such embodiments are neces-
sarily extraordinary or superlative examples).

The terms “coupled,” “connected,” and the like as used
herein mean the joining of two members directly or indirectly
to one another. Such joining may be stationary (e.g., perma-
nent) or movable (e.g., removable orreleasable). Such joining
may be achieved with the two members or the two members
and any additional intermediate members being integrally
formed as a single umitary body with one another or with the
two members or the two members and any additional inter-
mediate members being attached to one another.

References herein to the positions of elements (e.g., “top,”
“bottom,” “above,” “below,” etc.) are merely used to describe
the orientation of various elements 1n the FIGURES. It should
be noted that the orientation of various elements may differ
according to other exemplary embodiments, and that such
variations are imtended to be encompassed by the present
disclosure.

It 1s important to note that the construction and arrange-
ment of the power transier units as shown in the various
exemplary embodiments are illustrative only. Although only a
few embodiments have been described 1n detail 1n this dis-
closure, those skilled 1n the art who review this disclosure will
readily appreciate that many modifications are possible (e.g.,
variations 1n sizes, dimensions, structures, shapes and pro-
portions of the various elements, values ol parameters,
mounting arrangements, use ol materials, colors, orienta-
tions, etc.) without materially departing from the novel teach-
ings and advantages of the subject matter described herein.
For example, elements shown as integrally formed may be
constructed of multiple parts or elements, the position of
clements may be reversed or otherwise varied, and the nature
or number of discrete elements or positions may be altered or
varied. The order or sequence of any process or method steps
may be varied or re-sequenced according to alternative
embodiments. Other substitutions, modifications, changes
and omissions may also be made 1n the design, operating
conditions and arrangement of the various exemplary
embodiments without departing from the scope of the present
invention.

What 1s claimed 1s:

1. A power transier unit for use 1n a vehicle for transferring
a torque, the power transfer unit comprising:

a first shaft configured to receive the torque from a vehicle
transmission or a device connected directly to the
vehicle transmission;

a second shait configured to output the torque to a prop-
shaft; and

an activating assembly for selectively transferring the
torque from the first shait to the second shafit, the acti-
vating assembly including;

a sliding cam that includes an engaging cam surface and a
disengaging cam surface;

a rotating cam that includes an engaging cam surface and a
disengaging cam surface that are configured to engage
or be engaged by the engaging cam surface and the
disengaging cam surface of the sliding cam to move the




US 9,182,012 B2

15

sliding cam through relative rotation between the rotat-
ing cam and the sliding cam, and wherein at least one of
the disengaging and engaging cam surfaces 1s config-
ured as a surface that 1s substantially parallel to the
direction of movement of the sliding cam;

an actuator that 1s electrically actuated, adapted to commu-
nicate with an electronic control that actuates the actua-
tor, and 1s configured to selectively rotate the rotating
cam relative to the sliding cam;

an engaging gear;

wherein the engaging gear 1s configured to be moved by the
sliding cam between a first engaged position where the
torque 1s transierred from the first shaft to the second
shaft through the engaging gear and a second disen-
gaged position where no torque 1s transferred to the
second shaft:

wherein relative rotation between the rotating cam and the
sliding cam moves the sliding cam thereby moving the
engaging gear between the first engaged and second
disengaged positions.

2. The power transfer unit of claim 1, wherein the sliding

cam includes a cam surface that 1s configured to engage a cam
surface on the rotating cam to move the sliding cam through

relative rotation between the rotating cam and the sliding
cam.

3. The power transier unit of claim 1, wherein at least one
of the disengaging and engaging cam surfaces 1s configured
as an inclined surface.

4. The power transfer unit of claim 1, wherein at least one
of the disengaging and engaging cam surfaces 1s configured
as a curved surface.

5. The power transfer unit of claim 1, wherein the activat-
ing assembly also includes a guide member that 1s configured
to be driven by the sliding cam to move the engaging gear
between the first engaged and second disengaged positions.

6. The power transier unit of claim 5, wherein the guide
member includes a first end, a second end, and a wall con-
necting the ends, the first end being configured to abut the
sliding cam and the second end being configured to drive
movement of the engaging gear.

7. The power transfer unit of claim 6, wherein the activat-
ing assembly also includes a first biasing member disposed
between the first end of the guide member and the engaging
gear 1o bias the engaging gear toward the second end of the
guide member.

8. The power transfer unit of claim 7, wherein the activat-
ing assembly also includes a second biasing member config-
ured to bias the guide member toward the sliding cam.

9. The power transier unit of claim 1, further comprising a
biasing member that 1s configured to bias the engaging gear
toward the sliding cam.

10. The power transier unit of claim 1, further comprising
a sensor that 1s configured to monitor an angular position of
the rotating cam.

11. The power transier unit of claim 1, further comprising
a housing, wherein the sliding cam includes a projection that
engages the housing to prevent rotation of the sliding cam
relative to the housing.

12. The power transier unit of claim 1 wherein the actuator
includes a motor that 1s coupled to the rotating cam.

13. The power transier unit of claim 12 wherein the motor
1s coupled to a gear through which the rotating cam 1s driven
for rotation.

14. The power transier unit of claim 13 wherein the rotating
cam includes a gear that 1s engaged by the gear coupled to the
motor.
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15. The power transier unit of claim 12 wherein at least one
of the sliding cam and the rotating cam has multiple engaging
cam surfaces and multiple disengaging cam surfaces.

16. The power transfer unit of claim 15 wherein each
engaging cam surface 1s between two disengaging cam sur-
faces.

17. A power transier unit for use in a vehicle for transier-
ring a torque, the power transier unit comprising;

a first shaft configured to recerve the torque from a vehicle
transmission or a device connected directly to the
vehicle transmission;

a second shait configured to output the torque to a prop-
shatt; and

an activating assembly for selectively transferring the
torque from the first shaft to the second shaft, the acti-
vating assembly including;

a sliding cam:;

a rotating cam;

an actuator that 1s electrically actuated, adapted to commu-
nicate with an electronic control that actuates the actua-
tor, and 1s configured to selectively rotate the rotating
cam relative to the slhiding cam;

an engaging gear;

wherein the engaging gear 1s configured to be moved by the
sliding cam between a first engaged position where the
torque 1s transierred from the first shaft to the second
shaft through the engaging gear and a second disen-
gaged position where no torque 1s transierred to the
second shaft;

wherein relative rotation between the rotating cam and the
sliding cam moves the sliding cam thereby moving the engag-
ing gear between the first engaged and second disengaged
positions, wherein the actuator includes a motor that 1s
coupled to the rotating cam, and wherein the sliding cam
includes an engaging cam surface configured to engage a
complementary engaging cam suriace of the rotating cam,
and the sliding cam includes a disengaging cam surface con-
figured to engage a complementary disengaging cam surface
of the rotating cam to move the sliding cam 1n response to
relative rotation between the rotating cam and the sliding
cam, and wherein the engaging cam surface and the disen-
gaging cam surface of both the rotating cam and the sliding
cam are arranged 1n the direction of rotation so that the rotat-
ing cam may be driven in one direction to move the engaging
gear from the engaged position to the disengaged position and
from the disengaged position to the engaged position.

18. A power transier unit for use in a vehicle for transier-
ring a torque, the power transier unit comprising:

a first shatt configured to recerve the torque from a vehicle

transmission or a device connected directly to the

vehicle transmission;

a second shait configured to output the torque to a prop-
shaft; and

an activating assembly for selectively transierring the
torque from the first shaft to the second shaft, the acti-
vating assembly including;

a sliding cam that includes an engaging cam surface and a
disengaging cam surface;

a rotating cam that includes an engaging cam surface and a
disengaging cam surface that are configured to engage
or be engaged by the engaging cam surface and the
disengaging cam surface of the sliding cam to move the
sliding cam through relative rotation between the rotat-
ing cam and the sliding caman actuator that 1s electri-
cally actuated, adapted to communicate with an elec-
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tronic control that actuates the actuator, and 1s
configured to selectively rotate the rotating cam relative
to the sliding cam;
an engaging gear;
wherein the engaging gear 1s configured to be moved by the
sliding cam between a first engaged position where the
torque 1s transierred from the first shaft to the second
shaft through the engaging gear and a second disen-
gaged position where no torque 1s transferred to the
second shaft:
wherein relative rotation between the rotating cam and the
sliding cam moves the sliding cam thereby moving the engag-
ing gear between the first engaged and second disengaged
positions, and wherein, for at least one of the sliding cam and
the rotating cam, one of the engaging cam surface and the
disengaging cam surface 1s inclined more steeply than the
other cam surface relative to an axis about which the rotating
cam rotates.
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